ABSTRACT KULL, F. C. (CIBA Pharmaceutical Products Inc., Summit, N. J.), P. C. EISMAN, H. D. SYLWESTROWICZ, AND R. L. MAYER. Mixtures of quaternary ammonium compounds and long-chain fatty acids as antifungal agents. Appl. Microbiol. 9:538-541. 1961.-The influence of undecylenic acid on the fungistatic effect of phenoxyethyldimethyldodecylammonium bromide (Domiphen bromide) against Trichophyton mentagrophytes was investigated. The unsaturated fatty acid was found to enhance the fungistatic activity of Domiphen bromide against this organism. The ratio of concentrations of these agents has a marked influence on the results of in vitro tests for antifungal action resulting in a completely different effect than heretofore noted in combination experiments against bacteria. The enhancing phenomenon is not particular to T. mentagrophytes, it was observed also with Candida albicans.
A large number of varied substances are known to counteract the germicidal activity of cationic detergents. Among these antagonists, anionic agents are the most prominent. It is generally believed that this interference is comparable to the neutralization of acids by alkalies.
Notwithstanding their conspicuous lack of activity against the bacteria, a number of anionic agents, in particular, the fatty acids, possess significant antifungal activity approximating in magnitude that of the quaternary ammonium compounds. The interesting question therefore arises as to whether the combination of an active cationic detergent with one of the anionic agents having antifungal activity would result in regular abolition of antifungal properties such as is known to occur with respect to antibacterial activity. Foley and Lee (1947) found that with several preparations containing trimethylcetylammonium pentachlorphenate and undecylenic acid, a marked inhibitory effect was exerted against several dermatophytes. At certain pH levels and depending upon the nature of the solubilizing vehicles used, the mixtures were more effective against these fungi than either component alone. Reiss and Lustig (1948) , on the other hand, found neither an additive nor an enhancing effect upon fungi with combinations of quaternary ammonium compounds and undecylenic acid.
In view of these contradictory reports, an attempt was made to more precisely establish the effect of phenoxyethyldimethyldodecylammonium bromide (Domiphen bromide; Bradosol2) (Neipp and Gross, 1949; and undecylenic acid upon each other, particularly as it relates to fungistatic activity.
MATERIALS AND METHODS
The quaternary ammonium compound used in this stuidy, Domiphen bromide, possesses considerable activity against a wide range of bacteria and fungi as well. The anionic agent employed, undecylenic acid, has only very slight antibacterial but considerable antifungal activity; it is a common ingredient used in many preparations for the treatment of tinea pedis.
The antimicrobial activities of Domiphen bromide and undecylenic acid were evaluated by recording the presence or absence of growth in varying dilutions of either substance dissolved in suitable broth; these end points of activity were compared with those obtained with mixtures of the two agents combined in a variety of ratios. In the antibacterial tests (Staphylococcus aureus and Escherichia coli), the substances were 2 CIBA Pharmaceutical Products Inc., Summit, N. J. COMBINATION EFFECT OF ANTIFUNGAL AGENTS diluted in brain heart infusion broth, pH 7.0. The standard inoculum was 0.05 ml of an 18-hr culture diluted with broth to yield a turbidity equal to that of a no. 1 McFarland nephalometer tube (3 X 108 cells per ml). All tubes of broth were thenl incubated for 48 hr at 37 C. In the antifungal tests (Trichophyton mentagrophytes and Candida albicans), the compounds were diluted in Sabouraud's liquid medium, pH 5.7. The inocula consisted of suspensions of culture diluted with broth to match the turbidity of a no. 2 nephalometer tube (6 X 108 cells per ml). The inoculated tubes were incubated for 7 days at room temperature and then examined for the presence or absence of growth.
The results of the tests performed with S. aureus (Table 1 ) could, at first glance, be interpreted with respect to evidence of antibacterial antagonism. However, in the experiments with T. mentagrophytes (Table 2 ), E. coli, and C. albicans, evidence of antagonism was established by the use of the graphical method of Zwart Voorspuij and Nass (1957) , which evaluated the activity of two antibacterial compounds acting simultaneously by determining:
1) The quantity of compound A, producing an end point (Qa) 2) The quantity of compound B, producing an end point (Qb) 3) The quantity of each component of the mixture producing end points (QA and QB) and expressing each as a ratio of QA/Qa and QB/Qb. If the sum of the ratios for a mixture QA/QG + QB/Qb = 1, additivity is indicated; if it is <1, synergism has occurred; a value of >1 is indicative of antagonism.
A graphical presentation of these values may be made by expressing in logarithms the sum of the two ratios and plotting this logarithm on a vertical axis. The percentage of components of the mixture may be plotted on the horizontal axis. The simultaneous activity of two substances can then be expressed as an 
RESULTS
The data obtained with combinations of Domiphen bromide and undecylenic acid in the tests with S. aureus clearly indicate the anticipated antagonistic effect of the anionic agent upon the antibacterial activity of the quaternary ammonium germicide. As shown in Table 1 , the presence of relatively large amounts of undecylenic acid resuits in an appreciable neutralizing effect upon Domiphen bromide. For example, the bacteriostatic end points of Domiphen bromide and the fatty acid are 0.22 mg/100 ml and 133 mg/100 ml, respectively, but in the presence of 40 mg/100 ml undecylenic acid, 0.33 mg/100 ml of Domiphen bromide is required to inhibit the growth of S. aureus. The extent to which antagonism occurs is evident from the large number of plus (++) signs outside the rectangular area formed by the broken lines (Table 1) .
The results of a similar experiment with T. mentagrophytes are entirely different. As shown in Table 2 , the minimal inhibiting concentrations of Domiphen bromide and undecylenic acid when used alone are 0.50 mg/100 ml and 2.0 mg/100 ml, respectively, whereas the combination of both substances results in an increased and, as a matter of fact, a more than additive antifungal effect. For example, the addition of 0.25 mg/100 ml of the fatty acid to broth containing 0.25 mg/100 ml Domiphen bromide renders this combination completely fungistatic. Applying the method of Zwart Voorspuij and Nass (1957) to more accurately assess this phenomenon, these data were computed as shown in Table 3 and graphically expressed together with the results obtained with E. coli, S. aureus, and C. albicans in Fig. 1 . The quantities of Domiphen bromide and undecylenic acid in Table 3 are shown in milligrams per 100 ml; comparable data for the two sets of experiments were obtained from calculations based upon molecular weights of the germicides used.
The data shown in Fig. 1 In additional experiments with T. mentagrophytes, it was found that the enhancement of Domiphen bromide activity was not limited to the unsaturated fatty acids but existed as well with saturated long-chain fatty acids of comparable length.
To determine whether the antifungal activity of quaternary ammonium compounds other than Domiphen bromide are similarly enhanced by undecylenic acid, fungistatic assays were performed with alkyldimethylbenzylammonium chloride (Zephiran3). The results indicated that mixtures of Zephiran and undeeylenic acid also resulted in synergistic activity against T. mentagrophytes. However, the effect of higher concentrat,ions of the fatty acid on this cationic acid was not as great as that observed with Domiphen bromide.
I Winthrop Laboratories, New York, N. Y. Domagk (1935) , Baker, Harrison, and Miller (1941) , Valko and DuBois (1944) , and many others that cationic and anionic detergents will neutralize each other. Such reversal of the activity of quaternary ammonium compounds have been demonstrated with soaps, sodium taurochoate, sodium lauryl sulfate, suramin sodium and many other anionic agents. However, it should be emphasized that these observations are based upon experiments which utilized, as test organisms, only bacterial species. In view of our own findings-that an enhancement of antifungal activity occurs with mixtures of both classes of compounds-it becomes clearly evident that one cannot speak in general terms of synergism or antagonism without at least specifically defining the nature of the test organism.
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